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Quantitative treatment of the changes resulting in microorganisms 
after irradiation with  monochromatic radiation of known frequency 
and  intensity  has  yielded useful  information  (cf.  Gates,  1929-30; 
Wyckoff, 1931-32),  and has recently provided  the basis for some in- 
teresting theories as to the mode of action and place of absorption of 
radiant energy by the living cell (cf. Crowther, 1924, 1926; Swarm and 
del Rosario, 1932; Curie, 1929; Glocker, 1931; Lacassagne, 1930; and 
Holweck, 1932).  However, these theories cannot be tested  properly 
until a large amount of quantitative data is obtained under carefully 
controlled conditions. 
In the present paper certain  data obtained on Saccharomyces  cere- 
visiae  exposed  to  monochromatic  ultra-violet  radiation  of  different 
wave-lengths and  measured  intensities  (Oster,  1934-35)  have  been 
examined according to the method proposed by Mine. Curie (1929), 
with respect to the amount of reproduction after irradiation and subse- 
quent incubation for 36 hours. 
Yeast  cells from  24  hour  cultures were inoculated on  malt  agar 
plates,  exposed in a  large quartz  monochromator, incubated for 36 
hours at 25°C.,  and counted under the  microscope as previously de- 
scribed (Oster,  1934-35).  Although in most of  the  experiments cell 
counts were made solely on the basis of survival (i.e., all cells forming 
two or more daughter cells were considered to be "alive"), in other 
experiments detailed counts permitted the cell groups to be placed in 
five classes:  (a)  single ceils,  (b)  2-cell groups,  (c)  3- to 4-cell groups, 
(d) 5- to 16-cell groups, and (e) 16- or more-ceU colonies. 
The survival curve can then be plotted using the percentage of cell 
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groups in a  given class as the criterion of "survival," as a  function of 
the incident energy per unit area of receiving surface  (Fig.  1). 
The analysis of such survival curves has been treated by Curie as 
follows: 
Let P  =  probability of survival, N/No. 
p  =  S  -  1, where S  -- minimum number of quanta to kill. 
x  =  amount of energy supplied. 
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FIG.  1.  Survival curve of yeast cells exposed to monochromatic ultra-violet 
radiation of wave-length 2225 A..u.  The survival ratio N/No is plotted as a func- 
tion of the incident energy.  The criterion used in this curve is the ability of the 
irradiated cell to form one or more daughter cells during 36 hours of subsequent 
incubation at 25°C.  The inflection  point of the curve is indicated by an arrow. 
Each point plotted represents the  counting of from 150  to 300 cell groups per 
irradiated area. 
Then if we plot P  as a function of x, Curie shows that at the point of 
inflection we have 
dP  pp e-~ 
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and by Stirling's expression for the factorial we reach finally 
dx  2r 
TABLE  I 
Data used in determining the number of quantum hits  (S)  involved in the 
inhibition of cell division in yeast exposed to ultra-violet radiation of different 
wave-lengths according to the probability method of Mine. Curie (1929).  In the 
table x is the abscissa value of the inflection  point of the survival curve, p  -- #~2,~, 
and S  =  p  +  1 is threshold number of quantum hits. 
Wave-length 
2225 
2537 
2804 
2652 
2482 
2378 
No. of new cells  formed 
in 36 hm. 
More than  1 
"  "  2 
"  "  4 
"  "  15 
"  "  2 
"  "  4 
"  "  15 
~t  tt  1 
cC  cC  2 
"  "  15 
"  "  2 
"  "  7 
"  "  2 
"  "  2 
790 
700 
620 
540 
720 
440 
435 
360 
785 
490 
485 
410 
470 
310 
680 
1120 
Slope dp/dx 
0.011 
0.012 
0.012 
0.013 
0.010 
0.016 
0.015 
0.017 
0.012 
0.015 
0.014 
0.015 
0.018 
0.024 
0.012 
0.007 
4.7 
4.1 
3.5 
3.1 
3.4 
2.9 
2.6 
2.3 
5.1 
3.4 
2.9 
2.3 
4.3 
3.4 
4.4 
4.0 
5.7 
5.1 
4.5 
4.1 
4.4 
3.9 
3.6 
3.3 
6.1 
4.4 
3.9 
3.3 
5.3 
4.4 
5.4 
5.0 
Whence we can determine S,  the number of quantum  hits necessary 
to kill. 
On this basis the  available data for the  separate  classes of  yeast 
cells were plotted and a smooth curve drawn as shown in Fig. 1, where 
the curve of survival ratio for cells irradiated at the wave-length 2225 
A.u., using the criterion of ability to form one or more daughter ceils 
in 36 hours, typifies the shape of the curves obtained.  By determin- 354  REACTION  O1  ~ YEAST TO  ULTRA-VIOLET LIGHT.  IV 
ing the inflection point the values of x and the slope of the curve were 
obtained and S calculated from the expressions given above (Table I). 
If we neglect for the present the possible influence of other factors 
such as the age and the reproductive state of the cell at the time of 
irradiation, the values of S in Table I tend to indicate that the process 
of inhibiting and "killing" of yeast cells by ultra-violet energy fol- 
lows a multiple quantum hit to kill relation, as suggested by Wyckoff 
and Luyet (1931),  and that the minimum number of quantum hits 
varies from approximately four  (required before cell division is in- 
hibited to less  than fifteen daughter cells) to approximately six  (re- 
quired before no daughter cells are formed).  If such a relation could 
be definitely demonstrated it might indicate the existence within the 
yeast cell of several small entities each of which are involved in  a 
future budding. 
It should be pointed out that too much emphasis must not be placed 
on the significance of the values obtained for S.  Each point on the 
plotted survival ratios involved the counting of from 150 to 300 cell 
groups under the high power of the microscope,  but to determine the 
slope  and inflection point of the  curve for a  rigorous evaluation of 
¢(p) hundreds of points and the counting of many thousands of cell 
groups would be  necessary. 
However, an inspection of the values of S  obtained seems to indi- 
cate that different numbers of quantum hits are involved in the pro- 
duction of different degrees of inhibition of cell division,  and further- 
more that the number of quantum hits increases with increase in the 
degree of inhibition secured. 
SUMMARY 
Data obtained on yeast irrad~tted with monochromatic ultra-violet 
radiation has been analyzed for the number of quantum hits involved 
in the production of different degrees of inhibition of cell division,  ac- 
cording to the method proposed by Mine.  Curie  (1929).  Sufficient 
data are not available for a rigorous determination, but the calculated 
results tend to indicate that a multiple hit to kill relation is followed~ 
that different numbers of hits are involved in the production of differ- 
ent degrees of inhibition, and that this number increases with increase 
in the degree of damage sustained. R.  I-I. OSTER AND  W.  A.  ARNOLD  355 
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